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fertilizer distributed; and the inspec- 
tion, sampling, and analysis of fertiliz- 
ers and the publication of the data. 

Satisfactory operation of fertilizer- 
control laws necessitates, among other 
things, the use of standardized methods 
of sampling and chemical analysis. The 
development and publication of such 
methods is a function of the Association 
of Official Agricultural Chemists. The 
State laws or the accompanying regu- 
lations generally specify the use of the 
A.O.A.G. methods in official fertilizer 
inspections. 

Variations in certain phases of the 
fertilizer-control laws among the indi- 
vidual States or groups of States reflect 
largely the differences in the character 
of the agriculture and in the soil and 
crop requirements for plant nutrients. 
The laws generally afford protection 
to the consumer as well as to the 
manufacturer. 

IT MAY BE SAID with confidence that 
fertilizers will play an increasingly sig- 
nificant role in the Nation's agricul- 
tural economy and that in the years to 
come the trend in their production and 
use will continue markedly upward. 

The country is richly endowed with 
resources of fertilizer raw materials and 
of their requisites for processing, which 
are economically usable under present 
conditions, and far larger resources 
reside in less favorable situations. 

We have extensive facilities for win- 
ning and processing the raw materials 
by modern methods and techniques, 
all of which constantly are undergoing 
improvement. For the most part, those 
facilities are widely distributed over the 
country. 

For the foreseeable future, the prob- 
lem of adequate supplies of fertilizer 
for the American farmer appears to be 
largely one of continuing to expand the 
productive capacity to keep pace with 
the demand. But it should be empha- 
sized that great opportunity remains 
for technological advances in fertilizers 
and for improving the efficiency of 
their use in crop production and in 
other phases of farm management. 
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New and Better 
Fertilizers 

E. L Newman and W. L Hill 

Better   fertilizers   have   been 
coming on the market for years. 

New fertilizers are rarely new from 
the chemist's viewpoint. They gener- 
ally are composed of known chemical 
compounds, although the proportions 
of the compounds actually present may 
be difficult to determine. 

Usually a promising new fertilizer 
undergoes lengthy development before 
it is offered commercially. Also, a nu- 
trient-bearing compound often is used 
as a raw or intermediate material in 
the manufacture of fertilizers for some 
years before it may become available 
to the farmer for direct use. Anhydrous 
ammonia and phosphoric oxide are 
two of many examples. 

Novelty in a fertilizer must then be 
regarded as newness to the retail mar- 
ket. In this light, our subject demands 
a discussion of the things that are likely 
to influence new or improved fertilizers. 

The development of a new fertilizer 
to market status is a response to the 
need for some particular quality or set 
of qualities that are expected to lower 
the cost, provide easier handling, or 
supply soil and crop requirements bet- 
ter. Examples are the water-soluble 
phosphorus of ammonium phosphates, 
the water-insoluble nitrogen of urea- 
formaldehyde, the noncaking and dust- 
free character of granular fertilizers, 
balanced nutrient contents of polynu- 
trient fertilizers, and the low-cost nitro- 
gen afforded by anhydrous ammonia. 

Because needs vary from region to 
region, reflecting a diversity of soils, 
crops, climates, and farm practices, the 
nature of the most suitable fertilizer 
also differs among the regions. Often 
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the fertilizer is expected to do more 
than supply additional nutrients. 

These circumstances arc illustrated 
by the following specifications for an 
ideal fertilizer, compiled by T. P. Hig- 
nett of the Tennessee Valley Author- 
ity, from suggestions by agronomists, 
farmers, and fertilizer manufacturers: 

The ideal fertilizer—Mr. Hignett 
was advised—should carry high con- 
centrations of the three primary plant 
nutrients (nitrogen, phosphorus, and 
potassium), generous amounts of the 
secondary nutrients (calcium, magne- 
sium, and sulfur), and small amounts 
of several micronutrients. It should be 
in the form of hard, round granules, 
about O.I inch in diameter, that are 
impervious to moisture until placed 
in the soil, whereupon the nutrients 
should dissolve immediately, even 
though the soil be dry, and become 
completely utilizable by short-season 
crops. At the same time the nutrients 
should neither be fixed by the soil nor 
leached from it, so that a residual effect 
will extend over a period of years. It 
should have an alkaline reaction on 
acid soil, and an acid reaction on alka- 
line soil. It should be adaptable to 
manufacture by unskilled labor in 
whatever equipment happens to be 
available in the factory. Finally, it 
should kill weeds and bugs and condi- 
tion the soil. 

Obviously this is an absurd specifica- 
tion and was meant to show the impos- 
sibility of achieving the perfect ferti- 
lizer. Nevertheless the respective speci- 
fications are desirable under certain 
conditions and must be given proper 
consideration in the design of improved 
fertilizers. The specifications can be 
used also as factors in judging the pos- 
sibilities of materials yet to come. The 
several elements of value arise in one 
or more of three avenues of approach 
to fertilizer appraisal—character, ef- 
fectiveness, and cost. 

THE CHARACTER OF A FERTILIZER de- 
pends largely on such chemical prop- 
erties as concentration and reactivity 
of the major nutrients. 

Reactivity, as we use the word here, 
means the tendency of the fertilizer 
substance to dissolve and become avail- 
able to plant roots. It can be measured 
reasonably accurately as solubility. 

Among the factors that influence the 
character of fertilizer are certain physi- 
cal properties that facilitate handling 
in storage, transportation, and appli- 
cation to the soil. Emphasis on physical 
character has increased notably in re- 
cent years. Farmers no longer tolerate 
caked fertilizers. Powdery materials 
arc becoming less acceptable. 

The benefits of some high-analysis 
products have been gaining recogni- 
tion over a very much longer period. 
These trends are especially marked in 
the regions where the use of fertilizer is 
relatively new. Considerable attention 
also has been given to the reactivity or 
solubility of nutrients. Some results 
along this line are the development of 
urea-form, a synthetic nitrogen fertilizer 
of controlled solubility, and recogni- 
tion of the importance of water-soluble, 
phosphorus-bearing fertilizers for fast- 
growing crops. 

THE EFFECTIVENESS OF A FERTILIZER 
is measured in terms of crop response 
to its use. Responses are determined to 
a large extent by environmental factors 
peculiar to the farming region—soil 
type, climate, and water supply. These 
conditions nmst be accepted much as 
they are, and farming is thereby re- 
gionalized. Response is also influenced 
by cultural practice, in which some 
noteworthy factors are kind of crop, 
crop rotation, kind and amount of 
fertilizer, placement of fertilizer in soil, 
and time of application. Efl'ectiveness 
of a fertilizer thus depends not only on 
its character but also on where it is 
used and the way it is used. 

Experimental evaluation of a ferti- 
lizer can be approached from two basic 
viewpoints. A fertilizer of known char- 
acter may be tested to find the region 
and cultural practice that provides the 
conditions for best performance, or a 
particular cultural practice may be 
studied to determine fertilizer charac- 
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teristics that will induce the greatest 
response. The sets of conditions under 
which present-day fertilizers prove ef- 
fective have been broadly demonstrated 
experimentally, although in farming 
practice the choice of fertilizers is not 
always in line with experiment. 

COST is probably the most important 
consideration in the consumer's choice 
of a fertilizer. The farmer's first thought 
is usually, ''How much does it cost?" 
Only so much can be spent for ferti- 
lizer, and he wants the most for his 
money. This is a proper view, provided 
he measures cost in terms of the quan- 
tity of plant nutrients purchased rather 
than on the basis of the weight of ma- 
terial received. For example, the Illi- 
nois farmer who chooses a 5-10-10 
(the numbers indicate percentages of 
nitrogen, phosphate, and potash, in 
that order) fertilizer at 59 dollars a ton 
may not realize that a 10-20-20 ferti- 
lizer at 104 dollars a ton is the better 
bargain. Adding the costs of distribu- 
tion and application to the purchase 
price widens the margin, because the 
same amount of nutrients can be 
handled and applied more cheaply in 
the concentrated material. 

PROSPECTS for better fertilizers may 
be gaged on the basis of the criteria 
for appraisal—character, effectiveness, 
and cost. 

The manufacturer alone can make 
alterations in fertilizer character, but 
both manufacturer and consumer can 
make contributions to effectiveness and 
lower the cost, especially the cost after 
application to the soil. The farmer who 
uses a fertilizer of low reactivity as a 
starter fertilizer for a fast-growing crop 
is not getting the best out of the ferti- 
lizer. Conversely, a farmer sometimes 
may integrate fertilizer application 
with crop rotation in such a way that 
application of one low-cost major nu- 
trient is required only once in several 
years. He thus achieves economies in 
tonnage and cost greater than any 
price advantage that the manufacturer 
could provide. 

IMPROVED PHYSICAL CHARACTER of 
fertilizers, particularly the polynutrient 
goods, has been a subject of much re- 
search. Great strides have been made 
toward the development of noncaking, 
free-flowing fertilizers. Much remains 
to be done, of course. 

For years diluents known as condi- 
tioners have been incorporated into 
fertilizers, either deliberately or inci- 
dentally, to prevent caking by forma- 
tion of a coating on the fertilizer par- 
ticles or by simple mechanical separa- 
tion of the particles. The trend to 
goods of higher analysis has squeezed 
out diluents to a marked extent and 
thus has necessitated a search for other 
ways to keep fertilizers free-flowing. 

Physical nature is controlled by one 
or more procedures—choosing the 
best-adapted ingredients, selecting fa- 
vorable proportions of ingredients, 
granulating the fertilizer, reducing the 
moisture content, coating the granules 
with suitable agents, and packaging 
in moisture-resistant bags. 

Each nutrient combination usually 
presents a special problem, so that con- 
siderable research is nearly always re- 
quired for the development of an eco- 
nomic technique that permits produc- 
tion of the fertilizer in free-flowing 
form. Despite the many obstacles, the 
current effort to better the physical 
character of fertilizers is improving 
the marketed products. 

The difficulty of maintaining a fer- 
tilizer in good condition usually in- 
creases with the solubility of the nu- 
trients. Highly soluble and concen- 
trated forms of nutrients frequently 
present major problems. In such cases, 
one answer to the question of poor 
physical condition is direct use in solu- 
tion form. The direct application of 
liquid fertilizers is a growing practice. 
The problem here is transferred from 
the physical condition of a solid to the 
nutrient level in a liquid. Poor condi- 
tion is nicely avoided at the expense of 
nutrient concentration. At the same 
time, the cost of storage and transpor- 
tation is increased. Because liquids of 
higher nutrient content thus become a 



NEW  AND   BETTER   FERTILIZERS 

chief objective of improvement, the 
problem in this case shifts from physi- 
cal to chemical character. 

CHEMICAL CHARACTER, which in- 
cludes such properties as concentra- 
tion and reactivity, is an avenue for 
the further improvement of fertilizers. 
The trend toward high-analysis goods 
persists. It has perhaps approached the 
practical limit in a few of the newer 
market areas, but in the old and at the 
same time heavy-consuming regions 
the acceptance of higher concentra- 
tions is slow. Progress can be made as 
rapidly as the consumer is convinced 
of the advantages of higher grades. 

Adjustment of nutrient proportions 
in polynutricnt fertilizers, to reach 
proper balance for crop needs, pro- 
vides another opportunity for better- 
ment. The manufacturer must look to 
the agronomist for guidance here. 

Continued expansion of the use of 
anhydrous ammonia and nitrogen so- 
lutions for side and top dressings could 
have a pronounced effect on the for- 
mulation of solid fertilizers. Because 
this practice relieves the need for ni- 
trogen-rich fertilizer at planting time, 
a part of the nitrogen will likely be 
dropped from the starter fertilizer and, 
in the interest of economy and effective- 
ness, transferred to later applications. 
The lowered content of nitrogen com- 
pounds would alter somewhat the phys- 
ical and chemical nature of the ferti- 
lizer used at planting time. The net 
effect would probably be improvement. 

The choice of nutrient-bearing in- 
gredients of mixed fertilizers to im- 
prove character has not received ade- 
quate attention. Intimate association 
of chemical compounds in a mixture 
may bring about an increase or de- 
crease of nutrient reactivity. High am- 
moniation of superphosphate reduces 
its solubility. Favorable effects are to 
be expected normally from the influ- 
ence of nitrogen and potassium com- 
pounds, which are soluble, on slightly 
soluble phosphates. The influence is 
not the same for all soluble compounds. 

For example, potassium sulfate in- 

213 

creases the solubility of dicalcium 
phosphate to a far greater extent than 
does potassium chloride. Furthermore, 
the effect is magnified in intimate mix- 
tures that are granulated. Investiga- 
tion of this aspect of fertilizers should 
yield worthwhile information on pos- 
sibiiities of im.provement. 

We noted the need for raising the 
nutrient content of liquid fertilizers. 
This end must be reached by suitable 
choice of ingredients. Most fertilizer 
compounds are less soluble at low tem- 
peratures than at high temperatures. 
Hence a liquid fertilizer that is quite 
satisfactory for summer use, for ex- 
ample, may salt out during cool days 
in spring or fall. Then the fertilizer 
may truly be said to be in a poor 
physical condition. In order to pre- 
vent salt deposition as a consequence 
of normal fluctuations in temperature, 
the grade of the liquids must be lower 
than would otherwise be necessary. 

Enhancement of the grade of liquid 
fertilizers will follow systematic studies 
of the solubility of various ingredients 
to find combinations that are less sus- 
ceptible to salt deposition. It is likely 
also that additives will be found that 
will inhibit or delay crystallization. 
The wide interest in liquids has stim- 
ulated such studies. 

IMPROVED EFFECTIVENESS, as far as 
the manufacturer is directly concerned, 
must proceed largely from modifica- 
tions in the character of fertilizers. The 
producer can use the most desirable 
nutrient-bearing substances and pro- 
portion them accurately in a recom- 
mended ratio. He can process the mix- 
ture into a uniformly granular, free- 
flowing fertilizer. He can add condi- 
tioner and package the product in 
moisture-resistant bags to insure pres- 
ervation of its good character. He can 
supervise delivery to the farm. At that 
point he relinquishes control of the 
fertilizer. As to its mode of use, he can 
only recommend, unless he is one of 
the few manufacturers who also apply 
fertilizers and can carry out his own 
recommendations. Some manufactur- 
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ers have representatives in leading 
market areas whose chief responsibil- 
ity is to advise consumers about the 
choice and use of fertilizers. This grow- 
ing practice, maintained in accordance 
with acceptable ethical standards, en- 
hances the prospects for efficient use of 
fertilizers. 

Increased nutrient concentration, 
exemplified in high-analysis fertihzers, 
does not necessarily contribute to ef- 
fectiveness. The trend to high-grade 
products at first provided incentive for 
the elimination of inert fillers. Later 
the squeeze came on the components 
that bear the secondary nutrients. The 
extra high grades often contain little or 
no calcium, magnesium, or sulfur. 

The concentrated fertilizers can be 
effective if the amounts of calcium, 
magnesium, and sulfur in the soil are 
adequate to supply crop needs, but 
they may be unsatisfactory on soils 
deficient in those secondary nutrients. 
Potential difi&culties of this kind can 
be avoided by a suitable choice of mar- 
ket areas, so that the products ofifered 
in trade contain (although often in in- 
sufficient amounts) secondary elements 
needed for the farming practices of the 
region. Adequate amounts of second- 
ary nutrients can be provided, how- 
ever, at less expense by generous ap- 
plication of low-cost separate mate- 
rials, such as limestone, dolomite, or 
gypsum, once in several years. The 
growth of this practice in a region re- 
lieves the need for secondary nutrients 
in the marketed fertilizers and helps 
prepare the way for products of higher 
analysis. 

The addition of micronutrients, such 
as zinc, manganese, boron, copper, 
iron, and molybdenum, to otherwise 
regular grades of fertilizers often is ad- 
vantageous and is customary in some 
areas. Present practice generally pro- 
vides for one or two micronutrients in 
fertilizers that move into certain areas 
or to particular crops. The opinion of 
some informed persons is that fertilizers 
generally would give better perform- 
ance if several of the micronutrients 
were incorporated in them. Since the 
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manufacturer could expect little if any 
premium for the additional nutrients, 
the problem is to find suitable low-cost 
micronutricnt substances for such use. 
This matter has received attention. 

LOWER CONSUMER PRICES for a prod- 
uct usually follow reduction in costs of 
manufacture and distribution. In the 
fertilizer industry, basic manufacturing 
costs are being reduced gradually as a 
consequence of process integration that 
eliminates expensive steps formerly 
necessary. Distribution costs are be- 
ing lowered by moving manufacturing 
plants into favorable locations with re- 
spect to market areas and by the trend 
toward fertilizers of higher analysis 
that permits shipment of more nutri- 
ents per freight dollar. In many in- 
stances, however, the savings are onset 
somewhat by the increased cost of 
processing and packaging the fertilizer, 
so that it will meet consumer demands 
as to physical character. 

The reduction in price the manufac- 
turer may be able to pass to the con- 
sumer depends on the pattern of ferti- 
lizer use for the market area. In regions 
where the dominant preference of the 
farmer is for low-analysis goods, little 
can be expected, because the cost is just 
as much for handling, shipping, and 
applying a ton of low-analysis material 
as it is for a ton of concentrate. The 
marked differences among the use pat- 
terns of different regions are shown by 
consumption figures. Thus, in the re- 
gion that includes Virginia, the Caro- 
linas, Georgia, and Florida, nearly 
three-fifths of the tonnage of the 15 
dominant grades of polynutrient fer- 
tilizer moved as goods containing 16 to 
20 percent of nutrients in 1954. But in 
the region comprising Ohio, Indiana, 
Illinois, Michigan, and Wisconsin, only 
I percent of the tonnage moved as ma- 
terial carrying as low as 20 percent of 
nutrients. 

The concentrated materials, such as 
anhydrous ammonia, triple super- 
phosphate, and muriate of potash 
(potassium chloride) show up as the 
cheapest fertilizers. Although normally 
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they are the farmer's best bargains, he 
often prefers a mixed fertiHzer at a 
higher price to save the time, trouble, 
and expense of mixing it himself. 

Nitrogen is the most expensive of the 
three major nutrients. Such relatively 
new materials as anhydrous ammonia 
and ammonium nitrate demonstrate 
wide margins of cost advantage over 
the older materials, ammonium sulfate 
and sodium nitrate. Urea and nitrogen 
solutions are examples of concentrated 
and fairly cheap nitrogen fertilizers 
that are being applied in increasing 
tonnages. When cost differences are 
great, a movement toward the cheaper 
materials is inevitable, barring unusual 
advantages for an expensive material. 

Cost advantages of the concentrated 
phosphate and potash materials over 
the lower analysis materials are ap- 
parent. Triple superphosphate, though 
far from a new material and costing 
more to make than ordinary super- 
phosphate, is much more concentrated 
and therefore usually has an advantage 
in final cost. 

The cost factor varies less among 
polynutrient fertilizers than among 
others but still is definitely weighted in 
favor of the newer and more concen- 
trated products. For example, in com- 
paring fertilizers of similar ratios, the 
4-16-16 grade usually reaches the land 
cheaper than 3-12-12, and 10-20-20 
is more economical than 5-10-10. Liq- 
uids are competitive with solids in some 
localities. Nitric phosphates and am- 
monium phosphates (especially diam- 
monium phosphate) show economic 
advantages in some areas. 

Cost figures prove that the high- 
analysis fertilizers are to be preferred 
to the low-analysis products wherever 
the more concentrated materials meet 
agronomic requirements. One of the 
most beneficial efiects of advanced fer- 
tilizer technology, as far as the farmer 
is concerned, is lower final cost. This 
indicates good prospects for the im- 
proved types of fertilizers. 

Highly seasonal demand prevails for 
fertilizer products. Since deliveries 
reach the peaks during spring and fall 
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plantings and drop to almost nothing 
the rest of the year, storage and trans- 
portation are big problems. Efforts to 
remedy this situation with lower prices 
during the ofí* season thus far have met 
with only modest success. Nevertheless, 
the future seems to hold promise of 
progress in this direction. Many ferti- 
lizers produced today will hold up in 
bag storage for several weeks or 
months; some years ago fertilizers often 
deteriorated rapidly. If the farmer 
could be convinced that with reason- 
able care he can keep his fertilizer in 
storage on the farm for extended peri- 
ods without deterioration in quality 
and if the price inducements were 
made attractive enough, the peak- 
season rush would be lightened. 

NEW FERTILIZERS will appear from 
several directions in response to specific 
needs. The trend toward higher analy- 
sis can be expected to bring the extra 
high grades. 

Fertilizer grades such as 5-20-20, 
10-20-20, and 14-14-14 are on the 
market. Still higher grades are realiz- 
able. Development work has begun on 
17-17-17 and 26-26-0 fertilizers. They 
are combinations of ammonium phos- 
phates and ammonium nitrate with or 
without potash, and are termed am- 
monium phosphate-nitrates. Various 
ratios can be produced from a variety 
of ingredients. This class of product is 
entirely soluble in water. 

Other new fertilizers are on the hori- 
zon, especially one- and two-nutrient 
materials with built-in desirable char- 
acteristics that meet predetermined 
specifications. 

The compounds used in fertilizers 
vary in water solubility. All the con- 
ventional compounds of potassium and 
of nitrogen, with the exception of 
natural organic materials, dissolve to 
about the same extent as table salt, 
whereas the natural organic nitrogen- 
bearing materials and some of the phos- 
phates dissolve scarcely at all. This cir- 
cumstance hampers adjustment of the 
nutrient reactivity of fertilizers to spe- 
cific crop requirements. Adjustment is 
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obtainable only by choosing com- 
pounds with either high or low solubili- 
ties, or mixtures of the two. There is a 
need for compounds that possess inter- 
mediate reactivities. 

A urea-formaldehyde reaction prod- 
uct, termed urea-form and on the mar- 
ket under the names Urea-Jorm^ Ura- 
mite, Nitroform, and Bórdenos j6, repre- 
sents a step in the direction of specially 
designed fertilizer compounds of ni- 
trogen. This high-grade synthetic prod- 
uct is classed as water insoluble and 
was designed to supply the need for 
nonleachable nitrogen. It has quickly 
become competitive with natural or- 
ganic products on the basis of nutrient 
cost. Urea-form should be regarded 
as a prototype of things to come. We 
envision a whole series of graduated 
reactivities, intermediate between the 
extremes now available. 

Development work on potassium 
fertilizers of controlled solubility has 
started. Noteworthy is a study of the 
possibilities of fused potassium phos- 
phates. Both potassium and phospho- 
rus of these compounds are of inter- 
mediate solubility. 

The metaphosphates, particularly 
the vitreous forms, are of similar type. 
Calcium metaphosphatc, which has 
been produced as a fertilizer by the 
Tennessee Valley Authority for more 
than 15 years, is classed by conven- 
tional fertilizer criteria as a water- 
insoluble phosphate. Nevertheless, the 
quality of its insolubility differs from 
that of the common insoluble phos- 
phates, because it can absorb water 
slowly and change to soluble mono- 
calcium phosphate. The pattern of be- 
havior of this phosphate under soil en- 
vironments has been placed under 
close study. The results of this research 
may point up the possibilities of this 
type of material in providing an inter- 
mediate phosphate reactivity. 

Aminonium mctaphosphate, analyz- 
ing about 17-73-0, is an experimental 
fertilizer with varying degrees of quick 
solubility in w^ater.Tt is under study as 
a new material offering advantages of 
high concentration and possible im- 

YEARBOOK   OF   AGRICULTURE   1957 

provements in other characteristics. 
As an ingredient for liquid fertilizers, 
it appears to give unusual opportuni- 
ties for making more concentrated 
products. 

Micronutrient materials for direct 
use and also for incorporation in mix- 
tures containing major and secondary 
nutrients have been studied. Much of 
this work is concerned with adjustment 
of reactivity to soil environment for 
the improvement of nutrient utiliza- 
tion by crops. Thus chelating agents 
(organic complexing compounds) and 
glasses (frits) are used to control reac- 
tivity of micronutrients such as iron, 
copper, or boron. 

Applying 
Fertilizers 

R. L. Cook and Walter C. Hulburt 

Plant nutrients differ in the 
way they may be applied most 
effectively as fertihzers because 
of the differences in their chem- 
ical properties, the amounts 
plants need, the chemical and 
biological activity in the soil, 
and their solubility, which 
varies according to their for- 
mula and physical condition. 

The nitrogen that exists in the soil 
as organic matter is a basic considera- 
tion. Organisms decompose it and re- 
lease the nitrogen as ammonia. Other 
organisms change the ammonia to the 
nitrate form. The organisms them- 
selves use nitrogen to build the tissues 
of their own bodies. 

If the organic matter (such as straw 
and corn stover) in the soil is high in 


